and intraoperative blood transfusion (OR: 4.210, p=0.029) 
INTRODUCTION
Distal pancreatectomy (DP) is a standard procedure for benign or malignant lesions localized to the pancreatic body and tail. Additionally, it is performed as a part of radical tumor resection of adjacent organs (e.g., colon, stomach, and left adrenal, among others) invading the pancreas (1, 2) . Recently, perioperative mortality rates after DP have been reported as low as 0%-6% at tertiary centers (3) . However, despite advances in surgical techniques and postoperative patient care, perioperative morbidity is still high ranging from 30% to 50% (4, 5) .
Postoperative pancreatic fistula (POPF) is the most common cause of morbidity and mortality after DP (6) . Different definitions are used in the literature for POPF. The most widely accepted POPF definition is described by the International Study Group on Pancreatic Fistula (ISGPF) in 2005 (7) . This classification compares several different studies. POPF rate after DP has been reported as 20%-40% (8) . POPF may lead to clinically significant and life-threatening complications such as intra-abdominal abscess, intra-abdominal bleeding, surgical site infections, and sepsis. These complications adversely affect patient health and have led to an increase in hospital stay and costs.
There are several studies in the literature to identify the risk factors affecting the development of POPF. In these studies, researchers were focused more on pancreatic remnant stump closure technique, simultaneous resection of other organs (6) . Although, various different surgical techniques have been described, there is still no consensus regarding a standard surgical technique for pancreatic stump closure (9) .
The aim of the present study is to determine the risk factors that are associated with the development of POPF after DP.
Demographic data including age, gender, the American Society of Anesthesiologists (ASA) score, diabetes mellitus, smoking, albumin, creatinine and hemoglobin values, indication of operation, preoperative tumor size, body mass index (BMI), surgical technique, additional organ resection, closure techniques of the pancreatic remnant stump, operative time, blood loss and blood transfusions, hospital mortality, need for reoperation, duration of hospitalization, and re-hospitalization for each patient were analyzed.
Surgical technique
All surgical procedures were performed by or under supervision of two gastrointestinal surgeons. Resection was performed with conventional surgery or minimally invasive surgery (laparoscopic) technique. Resection was classified as spleen protective DP, DP with splenectomy, or DP plus splenectomy along with multi-organ resection. Multi-organ resection was defined as DP with resection of an abdominal organ other than the spleen.
Transection and closure of the remnant pancreatic stump were performed by LDP with endo-stapler using blue (3.5 mm) or green (4.8 mm) cartridges according to the thickness of the pancreas.
On the other hand, three different stump closure techniques were used for open surgery following pancreatic transection with electrocautery or a scalpel: 1) closure of remnant pancreatic stump with continuous suture: remnant pancreatic stump was closed with continuous oversewing non-absorbable 2-0 polypropylene or absorbable 2-0 polyglactin suture, depending on the surgeon's preference. 2) closure of remnant pancreatic stump with continuous suture after pancreatic duct ligation: following transection of the pancreas, the orifice of the pancreatic duct was ligated with non-absorbable 4-0 polypropylene suture, and pancreatic remnant stump was closed with continuous oversewing non-absorbable 2-0 polypropylene or absorbable 2-0 polyglactin suture.
3) closure of remnant pancreatic stump with stapler and suture: closure of the pancreatic stump was performed with linear stapler using blue or green cartridges according to the thickness of the pancreas. In addition, the stapler line was closed with continuous non-absorbable oversewing 2-0 polypropylene or absorbable 2-0 polyglactin suture.
As a consequence, all pancreatic resections were performed by distal approach in patients who underwent open surgery, and any additional effort was performed after transection to identify the orifice of the remnant pancreatic duct. However, if the pancreatic duct was visible, ligation of the pancreatic duct was preferred. The groups were performed retrospectively according to the surgical interventions mentioned above.
Fistula definitions
Mortality is defined as death occurring within 30 days after surgery. Hospital readmission is defined as hospitalization during the first month after discharge. POPF is defined according to the definition of ISGPF in 2005 (7) . POPF is defined when the amylase level in drain fluid is three times higher than the serum amylase on the third postoperative day. ISGPF classifies the severity of POPF according to the clinical condition of the patient as Grades A, B, and C. Grade A fistula has no clinical impact, whereas patients with Grade B fistula often require supportive treatment such as total parenteral nutrition or enteral nutrition. Grade C is associated with severe clinical complications and requires invasive therapy.
Management of POPF
In the case of POPF, wide-spectrum antibiotic treatment was started empirically and changed according to drain fluid or wound culture results. Octreotide, a somatostatin analog, was started immediately to decrease the leak flow rate. Additionally, ultrasound or CT guided percutaneous drainage was performed in the presence of intra-abdominal fluid collection. In the cases where the leak flow rate does not fall, endoscopic stent placement into the duct of Wirsung was performed. Table 2) . Table 3 shows the other complications out of POPF.
Statistical analysis
Two mortalities (2.1%) were reported. Both patients were operated for gastric cancer. One of the patients had an anastomotic leak from the esophagojejunostomy line. In addition, intra-abdominal hemorrhage occurred. The patient underwent percutaneous drainage for intra-abdominal abscess following stent placement to the esophagojejunostomy line. However, the patient died due to sepsis. The other patient died from multi-organ failure due to Grade C fistula-related intra-abdominal abscess. Duration of hospitalization and re-hospitalization period were significantly higher in patients who developed POPF (p=0.024 and p<0.001, respectively).
When patients were compared according to demographic data and clinical characteristics, the frequency (1, 5, 12) .
In some previous studies, male gender is reported as a risk factor for POPF (13) . In the present study, although male patients have a higher incidence of Grade B fistula, this result was not statistically significant.
Nathan et al. (14) reported smoking as a risk factor for POPF. Similarly, smoking was also found to be a risk factor in univariate analysis of the present study. Smoking is associated with a 5.3 times higher risk of developing POPF. However, it was not identified as an independent risk factor in multivariate logistic regression analysis.
In the study by Ferrone et al. (12), multi-organ resection increases the risk of POPF. On the other hand, no significant association was found in the present study between multi-organ resection and development of POPF. Again in the study by Ferrone et al. (12), patients who underwent DP plus gastric resection comprise 15% of patients having multi-organ resection with a rate of 28% POPF. However, this rate is 71% in DP plus colon or small bowel resection. In the present study, 53.4% of patients with multi-organ resection (23/43) were composed of patients who underwent gastric resection. This might be the reason of unrelated status between multiple organ resection and POPF development of the present study.
Intraoperative blood transfusion is also evaluated as a risk factor for POPF (13) (14) (15) (16) . Several studies have shown that intraoperative blood transfusion increases the rate of surgical mortality, sepsis, pulmonary complications, or renal complications and impairs wound healing (17, 18) . Intraoperative blood transfusion may increase the rate of POPF by disrupting wound healing due to impaired immunity.
Transection of the pancreas with stump closure appears to be the most critical step in the development of POPF (6) . Current literature does not allow recommending for the site or direction of transection (19) . Effects of pancreatic transection on POPF whether by using scalpel or electrocauterization have not shown a clear superiority. In the study by Takahaski et al. (20) , transection with scalpel is significantly less associated with POPF after pancreaticoduodenectomy. However, this effect is not yet been laid in the healing of the pancreatic stump following DP. Further, Dorcaratto and his colleagues (21) claimed in their study that coagulative necrosis of the transected surface caused by thermal injury with subsequent reactive fibrosis may provide a stronger "defense" against pancreatic stump leak. Results of the present study show that the rate of POPF did not significantly alter when pancreatic transection was performed by scalpel or electrocautery.
Several studies highlight the closure technique of the remnant pancreatic stump as the main risk factor in (29, 30) . In the present study, POPF rate after LDP was 50% (12/24). Both univariate and multivariate analyses of the present study showed LDP as an independent risk factor for POPF. In the literature, there are few studies evaluating the relationship between minimally invasive surgery and POPF. In the study by Butturini et al. (31) , POPF rate is 44.4% after minimally invasive surgery. In the same study, after initiation to use different types of endo-staplers, POPF rate decreases to 16%. In the study by Soh et al. (32) , POPF rate is reported as 70% after LDP. In the present study, POPF rate was 58.6% (17/29) in patients whose remnant pancreatic stump was closed with only stapler. According to these findings, closure of the pancreatic remnant stump with only stapler appears to be unsafe.
In the present study, POPF rate was 3.5% (1/28), where the remnant pancreatic stump was closed with both stapler and oversewing sutures. Similarly, Nathan et al. (14) reported a decrease in the rate of POPF (6%) after closure of the pancreatic stump with both stapler and oversewing sutures. These results suggest closure of the remnant pancreatic stump with stapler plus oversewing sutures as an ideal technique.
Soft pancreatic texture is accepted as a strong risk factor for POPF after pancreaticoduodenectomy (33, 34) . On the other hand, pressure of the sphincter of Oddi and thickness of the pancreas rather than softness are considered as the main risk factors for POPF after DP. Although transection of the pancreas at the level of the neck is associated with less POPF owing to thinner texture than the tail, results of previous studies are comparable (0%-27% vs 7%-21%) (19) . In the present study, the length of the resected part of the pancreas was similar in patients who developed both POPF and none, suggesting that the site of transection did not significantly alter the risk of POPF (Table 5 ).
The present study has several limitations. First, it is retrospective in nature. Second, the sample size is small. Third, softness of the pancreas is not clearly documented which does not allow statistical comparison.
In conclusion, results of the present study indicate that POPF rate after DP is 33.3%. The risk of POPF is determined by intraoperative variables rather than the demographic or clinicopathologic characteristics of the patients. Intraoperative blood transfusion is a risk factor for POPF. LDP is associated with a higher risk of POPF when pancreatic stump closure is performed with only staplers. On the other hand, using additional oversewing sutures to the stapler line reduces the risk of POPF.
